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Abstract
Redistricting is a process of drawing lines as a boundary, it plays an important role in the
process of decision making on space and spatial allocation, In redistricting, the main
problem to be solved is to find the districting plan that maximizes the value function
involved. Thus, redistricting process can be characterized as a combinatorial optimization
problem and considered to be computationally intractable or NP-hard problem, so getting
trapped in local optimal and difficulty in obtaining the most optimal solution have be&e
the great challenge of redistricting problem. Latest approach of solving redistricting problem
using simulated annealing has shown a significant improvement with its ability to escape
from  local optimal. However, simulated annealing does not guarantee outstanding
performance in escaping from  local optimal though it posses that special capability.
Therefore, this research will incorporate the advantages of genetic algorithm to overcome
the deficiency of simulated annealing in the process of redistricting. The evolutionary
feature of genetic algorithm that have potential to overcome some of the dilemmas of
redistricting process are adapted to enhance the efficiency and performance of simulated
annealing redistricting algorithm. At the same time, the strengths of simulated annealing will
still being retained. Thus, the proposed redistricting algorithm has been enhanced by the
reproduction effect of genetic algorithm in approaching more optimal districting plan with
better objective function value during redistricting process. The implementation of
simulation on the proposed model shows that genetic algorithm can be used to incorporate
with simulated annealing in solving hard spatial optimization problem to achieve optimal
result as a final output of districting plan. The outcome will contribute significantly to
various applications and systems including political redistricting, business territory
management and allocation planning. There are also several recommendations .for  future
work as an extension of this research,
xii
Abstrak
Pembahagian semula kawasan merupakan satu proses pengarisan semula sempadan, ia
memainkan peranan yang penting dalam proses membuat keputusan berkenaan dengan
ruang  dan pengagihan kawasan. Dalam pembahagian semula kawasan, masalah utama yang
hendak diatasi adalah untuk mencari plan pembahagian semula kawasan yang
memaksimumkan nilai fungsi  yang terlibat. Oleh yang demikian, proses pembahagian
semula kawasan boleh digolongkan sebagai masalah pengoptimalan kombinasi dan boleh
dianggap sebagai masalah N.-hard, jadi terperangkap dalam optima tempatan dan kesulitan
untuk mendapatkan penyelesaian yang paling optima merupakan cabaran yang paling getir
dalam masalah pembahagian semula kawasan. Pendekatan terbaru dalam menyelesaikan
masalah pembahagian semula kawasan ‘menggunakan simulated annealing telah
menunjukkan kemajuan yang menonjol dengan keupayaannya untuk melepaskan diri
daripada terperangkap dalam optima tempatan. Walau bagaimanapun, simulated annealing
tidak menjanjikan prestasi yang baik &lam melepaskan diri daripada terperangkap dalam
optima tempatan walaupun ia mempunyai keupayaan tersebut. Oleh yang demikian,
penyelidikan ini akan mengadunkan  kelebihan genetic algorithm untuk mengatasi
kekurangan yang terdapat pada  simulated annealing &lam berdepan dengan proses
pembahagian semula kawasan. Ciri evolusi daripada genetic algorithm yang mempunyai
potensi untuk mengatasi sebahagian daripada dilema proses pembahagian semula kawasan
telah diadun untuk meningkatkan keberkesanan dan prestasi simulated annealing dalam
pembahagian semula kawasan. Pada  masa yang sama,  kekuatan yang terdapat pada  ciri-ciri
simulated annealing masih akan tents  dikekalkan. Oleh itu, algoritma pembahagian semula
kawasan yang dicadangkan telah diperhebatkan dengan kesan reproduksi semula daripada
genetic algorithm untuk menjejaki plan pembahagian semula kawasan yang lebih optima
yang mempunyai nilai fungsi  objektif yang lebih baik semasa process pembahagian semula
kawasan. Implementasi simulated annealing pada  model yang dicadangkan menunjukkan
genetic algorithm berupayaan untuk diserapkan ke dalam simulated annealing &lam
menyelraikan  masalah optimasasi ruang  yang sukar  dengan mencapai keputusan yang
op~t&,na r~baba&i  output akhir plan pembahagian semula kawasan. Hasil penyelidikan akan
sumbangan  yang penting kepada pelbagai aplikasi  dan sistem termasuk
‘simula  kawasan politik, pengurusan kawasan perniagaan dan perancangan
petigqIih~$r.  Terdapat juga beberapa penyesoran untuk kerja-kerja masa depan sebagai




Redistricting can be characterized as a combinatorial optimization problem and it is a
complicated process. The complexity will increase when it also involves other factor such
as political, demographic, geographical and environmental. A complete solution for
redistricting seems to require an interdisciplinary effort. Many different methods have been
used or suggested for finding optimal districts. However, redistricting process by itself is a
NP-hard problem, current redistricting algorithms and conventional programming methods
are not efficient, especially on implementing spatial redistricting (Altman, 1998). Thus, this
research aims to incorporate the advantages of genetic algorithm to overcome the deficiency
of existing redistricting algorithm, enhancement will be made on existing algorithm for
redistricting process in order to increase the chances of obtaining near to optimal
redistricting plan.
1.1 Background
Redistricting is a process of drawing lines as a boundary. It plays an important role in the
process of decision making on space and spatial allocation, According to Agnew (1994),  the
spaces within which political, social, cultural, and economic processes are not only static
backdrops or location referents for human events, but also the products of distinct territorial
structures, identities, and ambitions, and they are deeply complicated by social and political
change. Therefore, redistricting process plays an important role to redraw the lines on a
district, based on the social and natural changes from  times to times with the purpose of well
spatial representation.
Thus, redistricting is extremely important in many different fields including ‘election
boundary, school boundary, law enforcement, business territory management and even
forest planning. Although each different redistricting process posses its own issues; such as
gerrymanders for electoral boundary, some of the issues are consistent regardless of the
redistricting domain; one of the biggest issue falls into this category is optimization in,
redistricting process.
GIS technology available today has offered a great chance for more consistent analysis of
data and the ability to make more credible redistricting decisions in redistricting process
(Hayes, 1996). Generally, optimization is one of the key factors in producing optimal and
credible redistricting plan, but optimization could not be achieved completely with the
improvement of technology. However, algorithms used for redistricting process can be
improved in order to achieve the aim of optimization in redistricting.
1.2 General Problem Statement
In redistricting, the main problem to be solved is to find the districting plan that optimizes
the value function involved. Formally, it is to find  the optimal partition of the districting
plan.
Redistricting process possess special difficulties because the size of the solution set can be
enormous. Practically, it is impossible to solve the problem by a brute force search through
all possible districting arrangements. As a result, redistricting process is considered to be
computationally intractable or NP-hard problem A problem will be said to be
computationally intractable (also “computationally complex,” or “computationally hard”) if
‘-;




Generally, current redistricting algorithms are still facing limited function and unable to
satisfy spatial needs (Ngu,  1998). Besides, some of the current redistricting methods only
approach to small size redistricting problems and others implement guessing procedures to
get to near optimal solution. In solving bigger size of redistricting plan, the searching
algorithms very often still not being able to approach near optimal solution and some of
them will very likely to get trapped in local optimal.
Therefore, conventional programming methods for spatial redistricting algorithm not only
has limitation on the implementation process but also facing inflexibility because of spatial
complexity (A&man,  1998).
1.3 Objective





Identify existing algorithms on redistricting and their weaknesses and problems in
solving redistricting problem.
Study the requirement and specification of redistricting algorithm in redistricting
process.
Investigate suitable features of genetic algorithm and their potential to enhance the
redistricting algorithm that will increase the optimality of the obtained districting
p l a n .
Design a redistricting algorithm by incorporating the evolutionary feature of
genetic algorithms into existing simulated annealing based redistricting.
Develop a redistricting simulation for the proposed algorithm.
1.4  Scope of Study
This research focuses on enhancing the current redistricting algorithm by incorporating the
advantages of genetic algorithm. District  boundary and compactness in redistricting process
will also be the focus of the research in assessing the performance of the proposed
algorithm.
Although there are numerous redistricting algorithms available currently, this research will
only concentrate on simulated annealing based redistricting algorithm. The research will
focus on the derivation of various components of the improved redistricting algorithm. The
potential features of genetic algorithm are investigated in order to fmd the best way that they
can be incorporated into simulated annealing based redistricting algorithm, and eventually
increase the chances of obtaining district plan with better optimality.
Therefore, another main focus of this research will be on the genetic algorithm (GA)
concept. Genetic algorithm uses process that analogous to natural evolutionary to generate
solutions for an optimization problem. Thus, GA seems to have many characteristics that
c’an  be taken as an ideal solution on redistricting process to ensure better efficiency.
For redistricting simulation that will be ,in$emented  based on proposed model, latest
Geographical Information System (GIS) technology will be used to assist the manipulation
of spatial and attribute data during the implementation process. This is based on the
capability of current GIS technology in managing and handling spatial relationship besides
powerful features and functions that allow spatial manipulation in the scope of study to be
done.
1.5 Research Methodology
This research will be conducted in a systematic and orderly manner.  There are five main
phases in this research methodology, namely literature review, requirement specification,
design, implementation and testing. This research methodology is to ensure that the research
will achieve its objective systematically. The tasks of each stage in the methodology will be
discussed as below:
1.5.1 Literature Review
Reviews will be done on current redistricting algorithms with extensive review on the
simulated annealing based redistricting algorithm. At the same time, important redistricting
criteria will also be identified. Genetic algorithms will also be studied and evaluated in order
to understand its characteristic as well as its ability in solving optimization problems to
discover the benefits of genetic algorithm on redistricting.
1.5.2  Requirement Specification & Analysis
Existing redistricting algorithm especially simulated annealing based redistricting algorithm
will be investigated to identify the requirement and specifications that are needed to yield
modification and improvement. Requirements of proposed algorithm will also be specified.
Serious concern will also be given concerning the feasibility of the new technique to ensure
that it will optimize the redistricting criteria. i. : .
1.5.3 Designing Proposed Algorithm
Based on the specification identified in previous stage, the most appropriate Latures of
genetic algorithm will be incorporated into redistricting process to derive an enhanced
redistricting algorithm, which will improve the capability of the redistricting algorithm in
order to produce a more optimal district plan. Therefore, the detail specification and design
of the proposed algorithm will be performed, and the proposed technique should fulfill the .
requirements and specifications of redistricting algorithm obtained from previous stage.
1.5.4 Implementation
A proposed redistricting algorithm will be implemented according to the specification
requirements. A conceptual model on the proposed algorithm will be developed as a means
to manipulate the proposed algorithm in redistricting process. In this stage, programming
will be done in order to put the developed algorithm into implementation. A redistricting
simulation of the proposed algorithm will also be developed so that it can be proven
practically.
1.5.5 Testing and Evaluation
This is a simultaneous process with implementation. In this process, implemented solutions
will be evaluated. The performance of the proposed algorithm will be tested and analyzed.
Different sets of input data are used to evaluate the model in term of its effectiveness,
3 .
reliability, and performances. In the meantime, implementation alternatives, strength and
weakness of the technique will also be identified and analyzed
1.6 Significance of the research
No one can deny that the redistricting process plays an important role in making redistricting
decision involving political, social and even business prospect. Howevqr,  current
redistricting algorithms and conversational programming methods seem to be not
satisfactory. Thus, incorporating genetic algorithms is one of the ways to improve the
optimality of the redistricting plan. This research should be benefiting all kinds of
redistricting process and application. In short, this research should formulate a redistricting
technique that makes redistricting tasks to be more effective in increasing the chances of
finding near to optimal solution of redistricting plan.
1.7 Outline of the Dissertation
Every stage of the research will be documented. The outline gives a brief introduction of
each chapter in this dissertation.
Chapter 2 describes the literature study of this research. It discusses the various elevation of
redistricting algorithms, definition of redistricting, ‘problems for the overall redistricting
process, advantages and disadvantages of existing redistricting algorithms, possible
approach to improve current methodology, and prospect of genetic algorithm in solving NP-
hard problem will be reviewed.
Chapter 3 discusses the design of the proposed algorithm. It explains the development
. methodology. It contains an explanation on the solution and shows the general structure of
the proposed algorithm. Various issues and factors are discussed throughout the designing
process of the proposed redistricting algorithm.
Chapter 4 discusses the implementation of the proposed algorithm. It describes in details on
the techniques of implementation. This section discusses the development framework  of the
implementation process. It describes all methods and techniques of implementation in
details.
Chapter 5 discusses the results obtained from  the implementation of the proposed algorithm
with analysis from various aspects will also be carried. It explains the detail evaluation of
the proposed algorithm by focusing on the incorporation of genetic algorithm into the
algorithm of redistricting.
Chapter 6 discusses on the findings, accomplishments, limitations and future enhancement
of the research. The achievement shows the contribution of the developed redistricting
algorithm in improving redistricting process.
CHAPTER 2 LITERATURE REVIEW
2.1 Introduction
This chapter aims to present the detailed literature review on redistricting from different
perspectives related to this research. Redistricting algorithms are discussed thoroughly since
it is one of the most crucial parts of redistricting process. This literature review tends to
studies thoroughly existing redistricting algorithms, and identifies  the requirements and
specifications of the redistricting process. Among others, the review looks into, different
kinds of algorithms and techniques in terms of their advantages and disadvantages,
strengths, limitations, and the lacking in the redistricting process. These problems should
stimulate the proposed domain in the following chapter as a solution to the problem The.
existing algorithm will be incorporated with genetic algorithm, hence the potential features
and suitability of genetic algorithm will also be reviewed. In short, the outcomes of this
chapter are to conduct reviews and analysis on all aspects of redistricting, and later, to
ident@ the specific problems of redistricting algorithm, and the potential of incorporating
genetic algorithm for a better solution with better optimality district plan.
2.2 Redistricting
Redistricting process can be considered as an effort to explore the data for spatial
relationships and representation. Although’redistricting can be categorized into various
kinds of categories based on the nature of data and their respective objective function of the
redistricting process, this research tend to focus on redistricting that involves spatial data re-
aggregation which is similar to Modifiable Aria1 Unit Problem (MAUP)  defined by
Openshaw and Taylor (1980),  and viewed by Openshaw as one of the major redistricting
problem
One of the major task of redistricting process mentioned above starts with a set of data at
one scale and then re-aggregate it again in order to create a new set of district plan suitable
for a specific purpose. It involves the aggregation of spatial data for N areas into M districts,
where M is less than N and is usually a small fraction of N in size. It is very important to
note that all the districts should be internally connected and contiguous.
However, it is obvious that these activities will face problem due to the likely sensitivity of
the result to the aggregation of the data being processed.
Expressed in mathematical notation, it looks like any other mathematical optimization
problem trying to optimize F(Z), where F(Z) is a general function of Z, except Z is not a
simple set of linear or non linear parameters, but defines an aggregation of N initial areas
into M districts as output, and subject to constraints on Z to ensure the M district are
internally connected, F(Z) is any function defined on data for the M districts in Z, and Z is
the allocation of each of N areas to one of M districts such that each area is assigned to only
one district.
In other words, there are implicit constraints on the function Z in such a way that each of the
original N areas only can to be assigned to exactly one output district. Moreover, all the
members from the same output districts have to be connected to form an individual district
so that when the internal boundaries are dissolved, they will still be able form a single
polygon.
For example, electoral redistricting can be considered as one of the important variant of
redistricting, and Openshaw (1984) argued that it is a special case of a more general zone
5-





